To characterize the mechanisms involved in the formation of the myosin heavy chain (MHC) heterodimer V2 (a3-MHC) and the homodimers V3 (fB-MHC) and V1 (air-MHC), 82 5-week-old normotensive rats with homogeneous V1 were made hypothyroid with propylthiouracil (0.8%, drinking water), and the proportion of V2, V3, and V, was determined by pyrophosphate gel electrophoresis in multicellular specimens of the left and right ventricles. After the switch from a-MHC to ,B-MHC, the p-MHC occurred initially in the form of the heterodimer. After 4 and 6 days, V2 was greater (p< 0.05) than V3. At day 8, V2 was smaller than V3, and at day 10, V2 was not statistically different from V3. From day 12 onward, V2 was smaller than V3. After 21 days, the propylthiouracil treatment was stopped, and the remaining 34 hypothyroid rats were injected with a daily dose of thyroxine (average, 0.1 mg/kg body wt), resulting in a switch from f3-MHC to a-MHC. After 1 day, V2 still was greater than V1; however, already from day 3 onward, V2 was smaller than V1. This characteristic but unexplained heterodimeric and homodimeric organization of the thick filament was analyzed by mathematical models involving probability calculations. Two principally different models were established that assume either the exchange of MHC dimers or of single MHC in the thick filament. The parameters of the models were estimated by minimization routines using the squared discrepancies between the experimental and predicted isoenzyme populations. Based on goodness of fit and crucial model parameters, we concluded that the characteristic organization of the thick filament can be accounted for by an exchange involving predominantly MHC dimers and not single MHC. The fact that V2 was lower than expected if formation of heterodimers and homodimers were random was attributed to the preferred homodimerization of 35% of the newly synthesized MHC. (Circulation Research 1991;68:27-37) M yosin of rat ventricles can be separated by nondenaturing gel electrophoresis into three isoenzymes -V1, V2, and V3-which differ in myosin heavy chain (MHC) composition.' The isoenzymes V1 and V3 are homodimers consisting of aa-MHC and 8f3-MHC, whereas V2 is an af3-MHC heterodimer.2,3 Although great progress has been made in the molecular biology of myosin,4-6 the characteristic heterodimeric or homodimeric organization of the thick filament remains ill-defined. The present knowledge is derived mainly from immunohistochemical and electrophoretic methods that provide information only on certain aspects of MHC distribution. Immunofluorescence techniques can de-tect a-MHC and ,B-MHC at a cellular level but not the isoenzymes Vl, V2, or V3, and the techniques are not very quantitative.7-'0 By contrast, pyrophosphate gel electrophoresis' can accurately determine the proportion of the isoenzymes but because of low sensitivity is typically carried out for multicellular specimens and gives only an average population. Immunohistochemical techniques have shown that three types of myocytes can occur that express a-MHC or 13-MHC or both a-MHC and f3-MHC.8,10
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To characterize the mechanisms involved in the formation of the myosin heavy chain (MHC) heterodimer V2 (a3-MHC) and the homodimers V3 (fB-MHC) and V1 (air-MHC), 82 5-week-old normotensive rats with homogeneous V1 were made hypothyroid with propylthiouracil (0.8%, drinking water), and the proportion of V2, V3, and V, was determined by pyrophosphate gel electrophoresis in multicellular specimens of the left and right ventricles. After the switch from a-MHC to ,B-MHC, the p-MHC occurred initially in the form of the heterodimer. After 4 and 6 days, V2 was greater (p< 0.05) than V3. At day 8, V2 was smaller than V3, and at day 10, V2 was not statistically different from V3. From day 12 onward, V2 was smaller than V3. After 21 days, the propylthiouracil treatment was stopped, and the remaining 34 hypothyroid rats were injected with a daily dose of thyroxine (average, 0.1 mg/kg body wt), resulting in a switch from f3-MHC to a-MHC. After 1 day, V2 still was greater than V1; however, already from day 3 onward, V2 was smaller than V1. This characteristic but unexplained heterodimeric and homodimeric organization of the thick filament was analyzed by mathematical models involving probability calculations. Two principally different models were established that assume either the exchange of MHC dimers or of single MHC in the thick filament. The parameters of the models were estimated by minimization routines using the squared discrepancies between the experimental and predicted isoenzyme populations. Based on goodness of fit and crucial model parameters, we concluded that the characteristic organization of the thick filament can be accounted for by an exchange involving predominantly MHC dimers and not single MHC. The fact that V2 was lower than expected if formation of heterodimers and homodimers were random was attributed to the preferred homodimerization of 35% of the newly synthesized MHC. (Circulation Research 1991;68: [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] M yosin of rat ventricles can be separated by nondenaturing gel electrophoresis into three isoenzymes -V1, V2, and V3-which differ in myosin heavy chain (MHC) composition.' The isoenzymes V1 and V3 are homodimers consisting of aa-MHC and 8f3-MHC, whereas V2 is an af3-MHC heterodimer.2,3 Although great progress has been made in the molecular biology of myosin,4-6 the characteristic heterodimeric or homodimeric organization of the thick filament remains ill-defined. The present knowledge is derived mainly from immunohistochemical and electrophoretic methods that provide information only on certain aspects of MHC distribution. Immunofluorescence techniques can de-the isoenzymes Vl, V2, or V3, and the techniques are not very quantitative.7-'0 By contrast, pyrophosphate gel electrophoresis' can accurately determine the proportion of the isoenzymes but because of low sensitivity is typically carried out for multicellular specimens and gives only an average population. Immunohistochemical techniques have shown that three types of myocytes can occur that express a-MHC or 13-MHC or both a-MHC and f3-MHC.8,10
For the myocytes that express both types of MHC, the ratio of a-MHC to ,3-MHC is not known. It also is not known which isoenzymes are formed in myocytes in which a coexpression of a-MHC and f-MHC occurs. If this isoenzyme population and the proportion of the three types of myocytes were known for a given multicellular specimen, one could bridge the gap between immunohistochemical and electrophoretic data. Even if such an approach were possible, one would, however, still not understand the mechanisms involved in the heterodimeric or homodimeric organization of the thick filament. Previously, it was shown that a-MHC and f8-MHC are paired in a characteristic manner, and it was suggested that different affinities exist for the formation of heterodimers and homodimers.1112 To substantiate this conclusion, isoenzyme populations had to be analyzed not only under steady-state conditions but also after a switch in MHC expression. The elucidation of the mechanisms that determine the ratio of MHC heterodimers and homodimers in the thick filament is considered important for understanding the functional consequences of an altered MHC expression at a molecular level.
Because the aim of this study was to define the formation of heterodimers and homodimers in multicellular specimens, probability calculations were required. To simplify the analysis of the heterodimer formation, hypothyroidism was induced in 5-week-old rats with homogeneous V1, resulting in a transition from V1 to V3, and after 21 days, a transition from V3 to V1 was induced by making the rats hyperthyroid. This approach results in a defined MHC expression, and the ambiguities associated with the cellular and local heterogeneity of MHC expression of euthyroid rats7-10 can most probably be avoided. The incorporation of myosin into the thick filament could occur either from a pool of dimeric MHC'3-16 or rapidly in the late stage of trans-lation17 involving also single MHC. Two principally different models were therefore established, which assume either exchange of MHC dimers or of single MHC starting after MHC translation. The validity of the models was judged from the goodness of the fit and crucial model parameters that were estimated by minimization routines. We concluded that the heterodimeric and homodimeric organization of the thick filament after a switch in MHC expression can best be described by a model that assumes an exchange of predominantly MHC dimers.
Materials and Methods
Eighty-two male 4-week-old normotensive Wistar/ WU rats (N rats) were used for the analysis of heterodimer formation during thyroid hormone alterations, and 226 male N rats and 143 spontaneously hypertensive rats (SHR) of various ages were used for the analysis of euthyroid rats. All rats were purchased from Ivanovas, Kissleg, FRG, and were maintained on a standard chow (Ssniff, Plange, Soest, FRG) with tap water ad libitum. Hypothyroidism was induced in the 82 N rats at the age of 5 weeks with 6-n-propyl-2-thiouracil (PTU; Sigma Chemical Co., Taufkirchen, FRG) given in the drinking water (0.8 g/l). After an initial aversion, the rats consumed on average 12±3 mg PTU per day. The myosin isoenzyme populations of ventricles were studied before and during hypothyroidism; rats (number given in parentheses) were killed 1 day (five) before and 2.5 (five), 4 (five), 6 (four), 8 (five), 10 (four), 12 (four), 14 (four), 16 (four), 18 (four), and 21 (four) days after the onset of PTU treatment. At day 21 the treatment was stopped and the remaining 34 hy-pothyroid rats were injected daily with i-thyroxine (T4) (0.1 mg/kg body wt i.p.). For the first T4 injection, the water-soluble preparation of Henning-Berlin (Berlin, Germany) was used, and afterward, T4 from Sigma was injected as a fine crystalline suspension in water. For the time-course study of hyperthyroidism, rats (number in parentheses) were killed 1 (four), 3 (five), 5 (five), 8 (five), 10 (five), 13 (four), 16 (two), and 20 (four) days after the first T4 injection. The rats were decapitated, and the initial 2-3 ml of blood from the trunk was collected into a tube for thyroid hormone determinations. The hearts were excised, and the left and right ventricles were stored in liquid nitrogen for determination of myosin isoenzyme populations.
The myosin isoenzymes were separated by native gel electrophoresis in the presence of pyrophosphate1 with the modifications described.18 The electrophoresis was carried out with approximately 50-mg slices of the left or right ventricular free wall cut from the base to the apex. Densitometric tracings were obtained using a Quick Scan densitometer (Helena Laboratories, Beaumont, Tex.). When the proportion of an individual isoenzyme was greater than 10%, the isoenzymes were quantitated by measuring peak heights. This approach is justified because under the present conditions, the three isoenzymes did not overlap to the extent that a given isoenzyme would be influenced at the peak position by a neighboring isoenzyme. If the proportion of an isoenzyme was less than 10%, the experimental profile was fit to an envelope arising from three Gaussian curves of the type y=yoexp {-[(xo-x)/w]21n2}. The curve of a single isoenzyme is characterized by the height yo, the position xo, and the width w at half height. By using the valuesyo and w, the areas of the bands were quantified using the expression A = 1.0645yow.19
Total T4, free T4 (FT4), total triiodothyronine (T3), and free T3 (Fl3) were determined in the serum using radioimmunoassays (Immo-Phase, CIBA-Corning, Giessen, FRG) by Dr. R. Wahl, Medical Clinic IV, University of Tiibingen, Tubingen, FRG.
Statistical comparisons of experimental data20 were carried out using the STATGRAPHICS statistical package (STSC Inc., Rockville, Md.). The normality of distributions was tested by the Kolmogoroff-Smirnoff test and equality of variances by Cochran's C test; before comparisons of myosin isoenzyme populations, the percentage values were transformed using an arcsine transformation. Comparisons were performed by Student's t test or one-way analysis of variance and Tukey's test. Values are mean+SD; statistical significance was assumed at p<0.05. In the case of myosin isoenzyme populations given in the ternary diagrams (Figures 4 and 5), confidence regions for the observations were calculated around the average isoenzyme populations according to a previously described meth-od2l based on the logistic normal distribution. Essentially, the isoenzyme populations were transformed by a logistic transformation resulting in a two-dimensional normal distribution. The empirical two-dimen- For the groups treated with propylthiouracil (PTU) for 10-21 days or thyroxine for 5-20 days, mean values of the thyroid hormone concentrations determined at the corresponding days of treatment are given. *pc0.05 by analysis of variance and Tukey's test compared with untreated rats in the case of hypothyroidism or rats treated with PTU for 21 days in the case of hyperthyroidism. sional distribution was used to construct an elliptic confidence region for the mean that subsequently was transformed back into the ternary diagram, yielding slightly distorted elliptic confidence regions. The differential equations of the mathematical models were solved numnerically for the unknown parameters using the Runge-Kutta algorithm.22
Results

Myosin Populations During Hypothyroidism and Hyperthyroidism
To induce a switch in MHC expression from a-MHC to 1-MHC, 5-week-old N rats with homogeneous V1 were treated with PTU. The serum concentrations of T3 and FT3 were reduced already after 2.5 days, and T4 and FT4 concentrations were increased (Table 1) . From day 4 onward, T4 and FT4 concentrations also were reduced. During the course of hypothyroidism, the pyrophosphate gels and the densitometric tracings showed a reduction in the proportion of V1 and an increase in the sum of V2 and V3 of left ventricular specimens ( Figure 1 ). After 4 and 6 days, V2 was greater than V3 (Figures 1 and 2) . At day 87 V2 was smaller than V3, and at day 10, V2 was not significantly different from V3. From day 12 onward, V2 was smaller than V3. After 21 19 days, all thyroid hormones were higher than in 5-week-old rats. After 1 day of T4 injection, the proportion of V2 still was greater than that of V1 (Figures 1 and 2 ). Already at day 3, V2 was smaller than V1 in the right ventricle. From day 5 onward, V2 was smaller than V1 in both ventricles. The newly formed homodimeric myosins increased thus more rapidly in the hyperthyroid rats compared with the hypothyroid rats ( Figure 2 ). It is noteworthy that hypothyroidism and hyperthyroidism induced comparable changes in the left and the right ventricles ( Figure 2 ). To account for these alterations in the homodimeric and heterodimeric organization of myosin, the thyroid-dependent changes in ventricular weight were taken into account.
Ventricular Weight During Hypothyroidism and Hyperthyroidism
During hypothyroidism, the proportion of V3 increased abruptly from day 6 to day 8. Because circulating thyroid hormones already were greatly reduced, they are not expected to be responsible for the increase in V3. It is more likely that processes associated with the increased ventricular weight at day 8 (Figure 3 ; data points of curve a) were involved. Until day 6, left and also right ventricular weights decreased, paralleled by a reduced body weight and food intake (not shown). When the rats had adapted to the drinking water containing PTU, body weight and ventricular weight increased and stayed constant from day 8 until day 16 . This body growth also was associated most probably with an increased myosin synthesis. One therefore has to deal not only with the turnover of myosin in the thick filament but also with an increase in the size of the filament lattice. The additional myosins are expected to have an increased proportion of ,B-MHC compared with the original thick filament.
In the case of hyperthyroidism, the ventricular weight increased greatly after injection of T4 ( Figure  3 ; data points of curve a). Within 20 days, left ventricular hypertrophy was 70%, which again is expected to be associated with a net increase in the size of the filament lattice. As an approximative right ventricles during hypothyroidism and hyperthyroidism. Duration of treatment with propylthiouracil (PTU) or thyroxine (T4) is given in days. Day 21, when PTU treatment was stopped and rats were injected with T4, is marked by an arrow. Statistical comparisons using Student's t test were made between V2 and V3 during hypothyroidism and between V2 and V, during hyperthyroidism. * p<0. 05. measure of the filament size, the ventricular weight was used. To have a continuous description of the changes in ventricular weight, the experimental data points were smoothed with splines ( Figure 3 ; curve a), and the time derivative (Figure 3 ; curve b) was calculated. Depending on the models assuming either incorporation of MHC dimers or of single MHC, the rate of newly formed MHC was determined and is shown in curve c of Figure 3 for the MHC dimer exchange model and in curve d of Figure 3 for the single MHC exchange model.
For comparing experimental and predicted myosin isoenzyme populations, ternary diagrams were used in which an isoenzyme population is defined by only one data point, and deviations of the experimental from the predicted populations are readily apparent. The transition from V1 to V3 is presented in three 
Compartmental model corresponding to the differential equations used by the models assuming myosin heavy chain (MHC) dimer exchange or single MHC exchange. Numbers in the boxes refer to the differential equations given in the 'Appendix." The various arrows are defined at the bottom using terms of the respective differential equations. 4A and 5A ) and the transition from V3 to V1 in two diagrams ( Figures 4B and SB) . The experimental isoenzyme populations of individual rats are shown with confidence regions that were calculated based on the logistic normal distribution.21 Based on the two models, isoenzyme populations were calculated for the whole time course (curves of Figures 4 and 5) ; the predicted populations for a given time of treatment are indicated by arrows. The models assumed either MHC dimer exchange 
diagrams (Figures
Myosin Heavy Chain Dimer Exchange Model
The model using three differential equations assumes that MHC dimers are exchanged in the thick filament ( Figure 6 and "Appendix"). Four parameters were estimated by a minimization routine based on the squared discrepancies between the observed and the expected isoenzyme populations. The model predicts that the newly synthesized MHCs form dimers in an assortative, nonrandom manner. The heterodimer is formed proportional to the probability 2r(1-r)(1 -c), where r denotes the proportion of newly formed V1 and c the proportion of nonrandom pairing. From the minimization follows c=0.35, corresponding to homodimerization of 35% of MHC. The half-life for the replacement of newly synthesized a-MHC by P-MHC starting 1 day after PTU treatment was estimated as 9 days; a delay of 1 day was used to account for the fact that PTU was given in the drinking water. For hyperthyroidism, the corresponding half-life was estimated as 5 days. The half-life for the dimer exchange in the thick filament was estimated as 12 hours for both hypothyroidism and hyperthyroidism. Based on these parameters, the proportion of the isoenzymes was calculated for the transition from V1 to V3 ( Figure 4A ) and from V3 to V1 ( Figure 4B ).
Single Myosin Heavy Chain Exchange Model
The second model, involving five differential equations, assumed that unincorporated single MHCs are in exchange with single MHC in the thick filament ( Figure 6 and "Appendix"). Whether these unincorporated MHCs exist in a pool or are exchanged as soon as they are synthesized does not affect the model assumptions. If an assembled MHC is exchanged, the remaining MHC can form an MHC dimer or can be degraded. It was assumed that the MHCs are eliminated at the same rate irrespective of whether they occur as dimers or singles. This implies that the half-life of an MHC dimer in the thick filament is half the half-life of a single MHC. The "surviving" single MHC is available to form new dimers at the same rate as a newly synthesized MHC. Four parameters were estimated by the minimization routine. The half-life for the replacement of newly synthesized a-MHC by f3-MHC after induction of hypothyroidism was 15 minutes; for the case of hyperthyroidism, 8 hours was estimated. Both for hypothyroidism and hyperthyroidism, the half-life of single MHC in the filament lattice was estimated as 8 days and the average time after which a newly synthesized MHC or an MHC "surviving" from a dimer forms a new dimer as 80 minutes. The model provided a reasonable fit only if a random pairing of MHC was assumed. The predicted proportion of the isoenzymes for the transition from V1 to V3 is given in Figure SA and from V3 to V1 in Figure 5B .
Myosin Isoenzyme Populations of Euthyroid Rats
To see whether the characteristic isoenzyme population of euthyroid N rats and SHR of various ages can be accounted for by nonrandom pairing of MHC, myosin isoenzyme populations were calculated for a-MHC proportions corresponding to a transition from V, to V3. It was assumed that either 35% of the MHCs form homodimers (Figure 7 , curve a) or that all MHCs form dimers randomly (Figure 7, curve b ). Under steady-state conditions, the myosin isoenzyme (Figure 7 ) that the assortative pairing can account also for the myosin isoenzyme populations of euthyroid rats. Discussion
The thyroid-dependent changes in MHC expression described in this study have to be attributed to the fact that the expression of the a-MHC gene is downregulated and conversely the expression of the f3-MHC gene is upregulated when the thyroid influence is reduced and that opposite changes occur at an increased thyroid influence.4,6 Although it is well documented that the ratio of a-MHC to j3-MHC changes at the protein level,1"24,25 the heterodimeric and homodimeric organization of the thick filament remained to be elucidated. In a previous approach, it was shown that the proportion of V2 was lower in euthyroid rats than expected for random pairing of MHC, and different affinities for formation of heterodimers and homodimers were suggested.1""12 The interpretation, however, was not unequivocal, because in multicellular specimens the myocytes differ with respect to MHC expression,8"0 and a mosaic and transmural gradient of MHC expression exists.79"10 For deciding whether a nonrandom pairing occurs, it was necessary to define the MHC expression and to reduce the influence of local factors.
For achieving a defined MHC expression, 5-weekold rats with homogeneous V, were treated with PTU, which was previously shown to result in homo-N rats SHR geneous V,.26 In PTU-treated hypothyroid rabbits with a modest decrease (40-50%) in the total serum T3 concentration, the a-MHC mRNA was less than 1% of total MHC mRNA,27 indicating a complete switch in gene expression.28 In this respect it should be mentioned that the transient increase in T4 and FT4 after administration of PTU arises most probably from the inhibition of outer ring monodeiodination of T4 to T3.29 Because T3 has a much higher affinity for the nuclear thyroid receptor than does T4,30 the transient increase in T4 and FT4 is not expected to prevent functional hypothyroidism. For inducing a switch in favor of a-MHC, the hypothyroid rats were injected with supraphysiological doses of thyroid hormones that are expected to induce homogeneous V,' and to result in about 90% a-MHC mRNA by 3 days. 27 The fact that up to 4% ,B-MHC was detected in young rats with homogeneous V, by immunohistochemical methods10 does not affect the conclusions drawn in this study. The models assume that local influences on MHC expression are overridden by the extreme thyroid alterations. To prove this assumption, immunohistochemical data on the complete preparations would be required, which cannot, however, be achieved. In support of the absence of local effects during hypothyroidism and hyperthyroidism is the finding that MHC expression was similar in left and right ventricles, whereas in euthyroid rats the proportion of V3 invariably is higher in left compared with right ventricles.79'10412,31,32 It also was implicitly assumed in the models that all rats and all cells regulate the MHC expression synchronously. Thus, for a given day of treatment, only one isoenzyme population is predicted and not a range of isoenzyme populations, which would take into account a possible variable response of the rats to the treatments and also would consider a possibly occurring mosaic pattern of MHC expression. The heterogeneity, which would be very difficult to model, is expected to result in a variation of the myosin isoenzyme population and is reflected most probably by the confidence regions in the ternary diagrams. The goodness of fit should be vi judged by taking into account these confidence regions and the underlying ill-defined heterogeneities.
Although the thyroid alterations resulted in a defined MHC expression and thus simplified the analysis, a complication arose due to changes in growth characteristics of the rats. From day 6 to day 8 of hypothyroidism, ventricular weight increased and most probably also MHC biosynthesis. A marked ventricular hypertrophy occurred in the case of hyperthyroidism. Because the myosins originating from the hypertrophy process have to be considered by the models, the ventricular weight was used as a correlate of the size of the filament lattice. This approach requires that the proportion of the filament lattice relative to other subcellular organelles is not greatly affected by the treatment. In the case of hyperthyroidism, there is evidence that a harmonious growth occurred,33 and from day 6 to day 8 of hypothyroidism it also is unlikely that the proportion of the subcellular organelles changed. In this respect it should be mentioned that during rapid growth of the heart when the rate of MHC synthesis exceeded the rate of MHC incorporation into the thick filament, an accumulation of new myosin at the ends of the thick filament was observed13 that most probably is also responsible for the fast accumulation of V1.24 When 12-day-old hypothyroid rats were injected with supraphysiological doses of T3, V1 increased to 80% within 3 days; at a physiological dose of T3, V1 increased by only 50%.24 These differences arise most probably from a different degree of hypertrophy and not from an altered time course of T3 action. In the models it was assumed that the myosin isoenzyme population arising from the additional MHC is determined by the overall ratio of a-MHC to /3-MHC expression. It is thus conceivable that the composition of those parts of the thick filament where additional myosins accumulate differs from the rest of the filament where a normal turnover occurs. 13 To model the heterodimeric and homodimeric orga- If the MHC were assembled as soon as synthesized and single MHC were exchanged,17 one had to assume a recycling of MHC in the thick filament. If during the transition from V1 to V3 an a-MHC in the thick filament is exchanged against a p3-MHC, a heterodimer is formed. A newly synthesized single MHC could not be distinguished from an MHC formed by degradation of a dimer. To account for the rapid increase in the homodimer V3 during the transition from V, to V3 or in the homodimer V1 during the transition from V3 to V1, one has to assume in the single MHC exchange model that the switch from a-MIC to f3-MHC and from ,3-MHC to a-MHC occurs quickly. The time during which a switch in MHC expression occurs therefore is expected to be much shorter in the case of a single MHC exchange compared with an MHC dimer exchange. To be acceptable, a model describing the heterodimeric and homodimeric organization of the thick filament should predict the experimental isoenzyme populations and should provide parameters that are not inconsistent with information obtained by other approaches.
Surprisingly, the deviations of predicted and experimental myosin isoenzyme populations did not differ significantly for the two models. Although the fits were not perfect for all data points, the predictions were a good approximation of the observed values. The two models therefore cannot be distinguished on the basis of the goodness of the fit. The parameters derived from the minimization routines permit, however, a further evaluation.
An exponential curve was used in both models for describing the replacement of the newly synthesized a-MHC by ,3-MHC in hypothyroidism or of 8-MHC by a-MHC in hyperthyroidism. The exponential curve type is justified because in hypothyroid rabbits injected with T3, the appearance of the new a-MHC mRNA and disappearance of the f-MHC mRNA followed an exponential time course. 34 The half-life of the MHC replacement was estimated in the dimer exchange model as 9 days for hypothyroidism and 5 days for hyperthyroidism. It is noteworthy that for hyperthyroidism a shorter time was estimated in accordance with the fact that T4 was injected in a high dose and therefore could act more quickly than PTU. For the single MHC exchange model, the corresponding half-life periods were estimated as 15 minutes for the transition from V, to V3 and as 8 hours for the transition from V3 to V1. Because these half-life periods are unrealistically short, the basic assumptions inherent in the model seem incorrect. Calculations also were carried out in which the half-life was fixed at 1 or 2 days. This resulted in marked deviations of predicted and experimental isoenzyme populations (not shown).
A further parameter relates to the time during which an MHC dimer or a single MHC stays in the filament lattice. The MHC dimer exchange model predicts a half-life of 12 hours, and the single MHC exchange model predicts 8 days. It should be pointed out that in both models, the time for translation and the delay between translation and assembly16 was not considered. The rate constants therefore cannot be compared with turnover rates measured by precursor techniques.35 Furthermore, rate of MHC synthesis and degradation was measured typically under steady-state conditions but not shortly after marked thyroid hormone alterations. These rate constants therefore do not provide a means for assessing the validity of the two models.
The MHC dimer exchange model predicts that 35% of the MHCs form homodimers, whereas the single MHC exchange model predicts random pairing. The MHC dimer exchange model is favored by the finding that the myosin isoenzyme populations of euthyroid rats of various ages and, therefore, a variable a-MHC to ,B-MHC expression11'31 can be described by assuming that 35% of MHCs form homodimers. The nonrandom pairing is noteworthy because it could explain the intriguing observation that the heterodimer occurs in smaller proportions in the hamster36'37 and the rabbit. 32 Although the homology between a-MHC and ,1-MHC is high,38 small species-dependent differences in homology could result in an altered extent of nonrandom pairing and thus in an altered V2 proportion.
Taken together, out of the parameters estimated by the minimization routines, the time during which the type of MHC is changed and the nonrandom MHC pairing provide the best information for deciding which of the models includes wrong assumptions. Based on these criteria, we conclude that the MHC dimer exchange model provides a reasonable description of the characteristic homodimeric and heterodimeric organization of myosin of multicellular specimens. However, an exchange involving predominantly MHC dimers and to a small extent single MHC cannot be excluded. If a single MHC exchange were included in the MHC dimer exchange model, parameters intermediate between both models would be expected, depending on the relative contribution of the two exchange processes. Such a refinement of the models, however, seems appropriate only if the knowledge of the kinetics of MHC translation, filament assembly, and degradation can be improved. equations. H.R. appreciates Professor R. Jacob for his continuous support.
